Introduction
============

Amplification of the *EGFR* gene was the first reported genetic alteration described in glioma and is associated with gene rearrangements \[[@b1]\]. The first rearrangement to be described in detail was an extracellular domain deletion known as the de2--7 EGFR (epidermal growth factor receptor) (or EGFRvIII) \[[@b2], [@b3]\]. Numerous subsequent studies have shown this to be the most common mutation in glioma, occurring in about 50% of cases where the *EGFR* gene is amplified \[[@b4]\]. This cancer-specific EGFR mutant has a specific deletion between exons 2 and 7 of the *EGFR*. The truncation of exons 2--7 leads to the elimination of 267 amino acids from the extracellular domain and the insertion of a novel glycine at the fusion junction and renders the mutant EGFR unable to bind any known ligand \[[@b5], [@b6]\]. Despite this, the de2--7 EGFR is capable of a low level of constitutive signalling that is augmented by the receptor's impaired internalization and down-regulation \[[@b7]\].

Monoclonal antibody (MAb) 806 is a novel EGFR antibody that was generated by immunizing with cells expressing the de2--7 EGFR, but unexpectedly, it also bound a small proportion of the wild-type (wt) EGFR in tumours and cell lines that overexpress the receptor \[[@b8]\]. Not surprisingly then, mAb 806 does not bind the unique junctional peptide found at the site of the de2--7 EGFR mutation; instead it binds to a short cysteine loop in the extracellular domain of the EGFR that is only transiently exposed as the wt EGFR moves from its inactive to active conformation \[[@b9]\]. The loop is constitutively exposed in the de2--7 EGFR, consistent with our original desire to generate a de2--7 EGFR-specific antibody. Thus, mAb 806 reactivity is restricted to cells with favourable conditions for EGFR activation, such as the presence of mutations (*e.g.* de2--7 EGFR), overexpression of the receptor or increased presence of EGFR ligands. In the case of EGFR overexpression, increased activation results from ligand-independent EGFR activation and from simultaneous derangements of EGFR glycosylation \[[@b10]\]. The conditions required for mAb 806 reactivity are common in malignant cells but rare in normal tissues, thereby allowing mAb 806 to preferentially target malignant tumours but not normal organs such as the liver. Our recent phase I clinical trial confirmed that a chimeric version of mAb 806 does not bind to normal tissue but does target a variety of cancers \[[@b11]\].

Some progress has been made in understanding how mAb 806 inhibits xenografts expressing the de2--7 EGFR. Treatment with mAb 806 reduces de2--7 EGFR autophosphorylation leading to induction of p27^KIP1^ and an inhibition of proliferation \[[@b12]\]. In contrast to de2--7 EGFR, mAb 806 only binds a small percentage (\<10%) of the wt EGFR in tumour cells overexpressing the receptor at any given time-point; thus the bulk of EGFR not specifically interacting with mAb 806 can mask the specific effects of mAb 806 in a variety of assays. This fact, combined with mAb 806's lack of *in vitro* anti-tumour activity \[[@b13]\], has made it difficult to examine how this antibody inhibits xenografts overexpressing the wt EGFR. One obvious difference between *in vitro* and *in vivo* models is angiogenesis. Therefore, we conducted a detailed study to analyze the effects of mAb 806 on angiogenesis using the A431 xenograft model which overexpresses wtEGFR. This model was chosen as A431 cells are considered a 'gold standard' for evaluation of EGFR therapeutics and are one of the few cell lines that contains an amplification of the *EGFR* gene \[[@b14]\].

Results and discussion
======================

Treatment with mAb 806 inhibited A431 xenograft growth at day 14 after inoculation (Fig. S1), at which time tumours were collected for immunohistochemistry (Fig. S2). Two parameters were examined by immunochemistry initially: Ki67 staining, a marker of proliferation known to be reduced by mAb 806 \[[@b12]\] and phospho-Akt, a downstream target of EGFR not influenced by mAb 806 in A431 cells \[[@b12]\]. MAb 806 treatment reduced proliferation by 35% when assessed by Ki67 staining (*P* \< 0.0001, Fig. [1a](#fig01){ref-type="fig"}). Consistent with previous studies \[[@b12]\], mAb 806 did not down-regulate the level of phosho-Akt (*P*= 0.2, Fig.[1a](#fig01){ref-type="fig"}) in cells overexpressing the wtEGFR.

![Effect of mAb 806 treatment on tumour angiogenesis (a) Bar graphs showing the mean change in H-score between mAb 806-treated and control tumours for the biological parameters shown. (b) Representative (250×) images of CD31^+^ blood vessels in the mAb 806-treated or control tumours, stratified by intratumoral position. scale bar: 25 μM. (c) Bar graphs showing the mean change in the MVD, MSA and total vessel area in the mAb 806-treated or control tumours.](jcmm0013-3993-f1){#fig01}

To determine if mAb 806 might influence tumour angiogenesis, we examined the effect of mAb 806 on two representative angiogenic factors, vascular endothelial growth factor (VEGF) and interleukin-8 (IL-8). These two factors were chosen following a qPCR screen of A431 cells designed to identify the soluble pro-angiogenic factors expressed by this cell line (Table S1). Expression of VEGF and IL-8 inA431 cells was determined by qPCR and ELISA (Fig. S3) and both were up-regulated by hypoxia (Table S1). Overall, VEGF expression was higher in the mAb 806 group than the control group (*P* \< 0.03, Fig.[1a](#fig01){ref-type="fig"}). However, VEGF expression was also influenced by intratumoral location (periphery *versus* interior; [anova]{.smallcaps}*P* \< 0.002). In the control group, the interior expressed significantly less VEGF than the periphery (*P* \< 0.01, Fig. [1a](#fig01){ref-type="fig"}). MAb 806 treatment did not increase VEGF expression in the periphery of the tumour relative to control (*P*= 0.7, Fig.[1a](#fig01){ref-type="fig"}) but substantially increased VEGF expression in the interior of the tumours (*P* \< 0.0001, Fig.[1a](#fig01){ref-type="fig"}). MAb 806 treatment resulted in a large and significant increase in IL-8 expression in all parts of the tumour (*P* \< 0.0001, Fig.[1a](#fig01){ref-type="fig"}).

Given that mAb 806 increased the expression of two proangiogenic factors VEGF and IL-8, we analysed the effect of mAb 806 of blood vessel density and size. Mean vessel density (MVD) was significantly influenced by both mAb 806 treatment and intratumoral location (Fig. [1b](#fig01){ref-type="fig"} and [c](#fig01){ref-type="fig"}, [anova]{.smallcaps}, *P* \< 0.0001). Analysis of the entire tumour showed that control xenografts had a MVD of 6.7 vessels/field and a mean surface area (MSA) of 270 μm^2^ (Fig. [1c](#fig01){ref-type="fig"}). The interior of these control tumours were significantly less vascularized than the periphery (5.3 *versus* 7.7 vessels/field, *P* \< 0.01) and the vessels in the interior were also significantly larger (MSA 400 *versus* 185 μm^2^, *P* \< 0.05). Across the whole tumour MVD was significantly higher in mAb 806 treated xenografts compared to the control xenografts (Fig. [1c](#fig01){ref-type="fig"}, 10 *versus* 6.7 vessels/field, respectively, *P* \< 0.0001). Although the MVD of the periphery of the mAb 806-treated xenografts was higher than the control group (10.2 *versus* 7.7 vessels/field, *P* \< 0.0005), the increase was even more marked in the interior of mAb 806-treated tumours (9.9 *versus* 5.3 vessels/field in, *P* \< 0.0001). Similar results were obtained when MVD was assessed on morphological criteria using haematoxylin and eosin stained sections (images not shown, 14.2 in mAb 806 treated xenografts *versus* 10.6 vessels/field in control treated xenografts, *P* \< 0.0001).

Both treatment with mAb 806 and intratumour location affected vessel size (Fig. [1b](#fig01){ref-type="fig"} and [c](#fig01){ref-type="fig"}, [anova]{.smallcaps}*P* \< 0.001). There was an overall decrease in MSA in the mAb 806-treated xenografts compared to the control xenografts (Fig. [1c](#fig01){ref-type="fig"}, 155 *versus* 270 μm^2^, respectively, *P* \< 0.001). Although vessels in the periphery of the mAb 806-treated tumours were smaller than those in the control tumours (142 *versus* 185 μm^2^, respectively, *P* \< 0.05), the reduction in MSA was more marked in the interior of the tumour (170 *versus* 400 μm^2^, *P* \< 0.001). The combined effect of these opposing changes in MVD and MSA results in no significant change in *total* vessel area (Fig. [1c](#fig01){ref-type="fig"}, 4.18%*versus* 3.42%, *P*= 0.16). Lyve-1 staining for lymphatic vessels was very sparse, confirming that CD31^+^ structures were predominantly blood vessels (Fig. S4). These changes seen following treatment with mAb 806 are consistent with the model of 'vascular normalization' which has been described with anti-angiogenic agents including bevacizumab \[[@b15], [@b16]\] or DC101 (an antibody against VEGFR2 \[[@b17], [@b18]\]); wherein treatment causes a transient normalization of tumour vasculature, characterized by an increase in small vessels, greater coverage with pericytes, improvements in perfusion and oxygenation.

Therefore, we examined xenografts treated with mAb 806 for changes consistent with vascular normalization. Firstly, the effect of mAb 806 on pericyte coverage of tumour vasculature was determined by immunohistochemical staining for NG2 chondroitin sulphate \[[@b19]\]. Control A431 xenografts contained blood vessels with both complete (Fig. [2a](#fig02){ref-type="fig"}, arrowhead) and incomplete pericyte coverage (Fig. [2a](#fig02){ref-type="fig"}, arrow). MAb 806 significantly increased the total number of pericyte-covered vessels compared to control (Fig. [2b](#fig02){ref-type="fig"}, 6.6 *versus* 4.5 vessels/field, respectively; *P*= 0.03) and also significantly increased the number of vessels with complete pericyte coverage compared to control (Fig. [2c](#fig02){ref-type="fig"}, 5.2 *versus* 3.1 covered vessels/field, *P* \< 0.005).

![Effect of mAb 806 treatment on blood vessel function. (a) Blood vessels with continuous pericyte coverage (arrowhead) or incomplete pericyte coverage (arrow), scale bar: 20 μM. Bar graphs showing the mean change in the density of (b) vessels with any pericyte coverage and (c) vessels with complete pericyte coverage in the mAb 806-treated or control tumours. Bar graphs showing the effects of mAb 806 treatment on (d) the mean oxygenation at day 17, (e) the prevalence of severe hypoxia (less than 2.5 mmHg) and (f) the mean oxygenation in case-control analysis (*i.e.* matched for tumour volume).](jcmm0013-3993-f2){#fig02}

Secondly, intratumoral oxygen was measured using the Oxford Oxylite Probe (Oxford, UK). A431 xenograft oxygenation was measured on day 17 following treatment with vehicle or mAb 806 (mean volume 1374 and 930 mm^3^, respectively). Mean oxygenation was significantly improved in mAb 806-treated xenografts compared to control (Fig. [2d](#fig02){ref-type="fig"}, 5.8 ±1.3 *versus* 9.6 ±1.0 mmHg; *P*= 0.038). However, this understates the improvement in oxygenation as vehicle treated tumours had substantially more areas of severe hypoxia compared to mAb 806 treated xenografts (Fig. [2e](#fig02){ref-type="fig"}, 47% and 0.3%, respectively, *P* \< 0.0001). As differences in tumour volume may confound the measurement of oxygenation, we undertook a case--control analysis where tumours from the above control group were matched with tumours of equivalent volume from the mAb 806 treated group. This latter group comprised all the mice killed for oxygen measurement on day 17 as well as a cohort of mice that had were deliberately treated for an additional week for the express purposes of performing this analysis. The volumes of the matched vehicle and mAb 806 treatment groups were statistically equivalent: (1110 and 1009 mm^3^, respectively). This analysis showed that whilst the control group was hypoxic, the mAb 806-treated group was normoxic (Fig. [2f](#fig02){ref-type="fig"}, 6.2 *versus* 10.2 mmHg, *P*= 0.031), demonstrating that this effect was independent of tumour volume. Taken together our data clearly show that mAb 806 mediates normalization of the tumour vasculature.

Other anti-EGFR therapeutics such as cetuximab \[[@b20]--[@b22]\] and gefitinib \[[@b23], [@b24]\] do not cause vascular normalization. Indeed, they mediate decreases in MVD and reduced expression of angiogenic factors such as VEGF and IL-8. To fully validate our mAb 806 analysis we also determined the effect of mAb 528, a prototypical ligand inhibitory EGFR antibody, on several of the key angiogenesic indicators described above. Treatment of A431 xenografts with mAb 528 (Fig. S5) resulted in a reduction in proliferation, a reduction in MVD, no change in MSA, a reduction in *total* vessel area and no change in IL-8 expression (Table [1](#tbl1){ref-type="table"}), results which differ from those obtained following treatment with mAb 806 but consistent with the literature \[[@b25]\]. Thus our method of analysis provided the expected outcome for a previously described EGFR therapeutic antibody.

###### 

Comparison of mAb 806 and mAb 528 on proliferation and angiogenesis in A431 Xenografts

                            Percentage change compared to vehicle   
  ------------------------- --------------------------------------- -------
  Proliferation                                                     
  (H-Score for Ki67)        ↓ 35%                                   ↓ 35%
  Vessel density                                                    
  (number per 250x field)   ↑ 49%                                   ↓ 36%
  Mean vessel size                                                  
  (μm^2^)                   ↓ 35%                                   NS
  Total vessel area                                                 
  (Percent of 250x slide)   NS                                      ↓ 45%
  IL-8                                                              
  (H-Score for IL-8)        ↑ 193%                                  NS

NS = No significant difference between treatment and control groups.

The ability of mAb 806 to influence both VEGF and IL-8 expression led us to examine its effect on the NF-κB pathway, as its activation can induce both of these angiogenic factors \[[@b26]\]. Vehicle or mAb 806-treated A431 xenografts were harvested on day 14 (treatment schedule per Fig. S1) and NF-κB p65 DNA binding activity assayed by ELISA for NF-κB activity. There was significantly increased NF-κB p65 DNA binding activity in the nucleus of A431 xenografts treated with mAb 806 (Fig. [3a](#fig03){ref-type="fig"}, *P* \< 0.002). There was also significantly more p65 subunit of NF-κB in the nucleus of the mAb 806 treated group when analysed by Western blotting (Fig. [3b](#fig03){ref-type="fig"}, 109% increase, *P* \< 0.001). This suggests that mAb 806 activates the NF-κB pathway, thereby increasing the expression of VEGF and IL-8. The role of VEGF in angiogenesis is well established and the significance of IL-8 to this process has been recently underscored \[[@b27]\]. Although the changes in these two factors are almost certainly not the only ones associated with vascular normalization, they probably typify the changes in the balance of angiogenic factors related to the normalization process. Indeed, the expression of at least 10 soluble angiogenic factors by A431 cells highlights the complexity of this process (Table S1). Interestingly, vascular normalization was still seen after 14 days of treatment, suggesting that mAb 806 causes sustained normalization compared to the transient phenomenon previously reported \[[@b15]--[@b18]\].

![*In vivo* function of NF-κB and VEGF on mAb 806 anti-tumour activity. Treatment with mAb 806 significantly increases nuclear NF-κB DNA (a) as measured by ELISA or (b) Western blot of the p65 subunit. (c) Survival curves using a combined end-point of moribund condition or tumour volume reaching 1000 mm^3^ in mice treated with vehicle, mAb 806 (1 mg), BAY 11--7085 (100 μg) or a combination of both on the days indicated. (d) Survival curves using a combined end-point of moribund condition or tumour volume reaching 1500 mm^3^ in mice treated with vehicle, mAb 806 (1 mg), bevacizumab (400 μg) or a combination of both on the days indicated.](jcmm0013-3993-f3){#fig03}

We then examined the broader role of NF-κB activation with respect to the anti-tumour effect of mAb 806 by co-administering mAb 806 with BAY 11--7085, a specific inhibitor of the NF-κB pathway that prevents the phosphorylation and degradation of IκBα\[[@b28]\]. Before using it in our xenograft model we demonstrated the ability of BAY 11--7085 to inhibit IL-8 expression in A431 cells (Fig. S3), confirming previous reports of this compounds capacity to inhibit IL-8 and VEGF \[[@b29], [@b30]\]. A431 xenografts were treated with mAb 806, BAY 11--7085 or combination therapy (Fig. [3c](#fig03){ref-type="fig"}). Survival analysis showed significant differences across the four groups (Fig. [3c](#fig03){ref-type="fig"}, *P* \< 0.002). The median survival was 14 days (control), 17 days (BAY 11--7085), 24 days (mAb 806) and 17 days (combination). *Post hoc* analysis showed the mAb 806 single agent group was the only one to survive significantly longer than the control group (*P* \< 0.0001). Hence, NF-κB blockade largely abrogates the anti-tumour effect of mAb 806 suggesting that mAb 806 activates anti-proliferative pathways down-stream of NF-κB. The modulation of the EGFR in A431 cells can cause an anti-proliferative response through induction of p21Cip1/WAF1 \[[@b31]--[@b33]\], the inhibitor of Cyclin Kinase 2. Importantly, this induction of p21 inA431 cells is dependent on activation NF-κB \[[@b31]\], firmly establishing a anti-proliferative role for NF-κB in these cells. Furthermore, a more general role for NF-κB as a tumour suppressor in some instances is now well established \[[@b34]\]. Interestingly, a microarray analysis of the mRNA modulated by a small molecule weight inhibitor specific to the EGFR (PD153035) showed that it reduces the invasiveness of cervical carcinoma cells and this was associated with the activation of NF-κB \[[@b35]\]. The *in vivo* consequences were not examined in this study. Finally, while seemingly unlikely, it would be interesting to determine if mAb 806 retained its vascular normalization activity in the presence of BAY11--708.

Given the increase in VEGF seen with mAb 806 therapy, we treated A431 xenografts with vehicle, mAb 806, bevacizumab (an anti-VEGF antibody) or combination therapy (Fig. [3d](#fig03){ref-type="fig"}). Survival analysis showed a significant difference across the 4 groups (Fig. [3d](#fig03){ref-type="fig"}, *P* \< 0.0001 log rank). The median survivals were 21 days (control), 24 days (mAb 806), 34 days (bevacizumab) and not reached (combination). The control group did significantly worse than all other groups. The combination group did significantly better than either of the single agent's arms (*P* \< 0.05 for both comparisons). Hence, there is additional therapeutic benefit in combining mAb 806 with a conventional anti-angiogenic agent that potently reduces the level of VEGF and MVD \[[@b36]\].

MAb 806 binds a distinct epitope on the EGFR leading to distinctive outcome compared to ligand-inhibitory antibodies \[[@b37]\]. It inhibits tumours overexpressing wtEGFR by activating the NF-κB pathway. Consistent with NF-κB activation, mAb 806 induced expression of both VEGF and IL-8. Associated with these changes in angiogenic factors, we also observed that mAb 806 normalized tumour vasculature, profoundly reducing tumour hypoxia. This suggests the clinical development of mAb 806 could include combination with standard treatments for cancer. Pre-treatment with mAb 806 may enhance radiotherapy by reducing intratumour hypoxia or improve the penetration of chemotherapy by increasing perfusion. Although it is theoretically possible that the improved tumour vasculature and perfusion mediated by mAb 806 may increase the supply of nutrients and growth of tumours, this is negated by the direct anti-proliferative effects of mAb 806. This study also confirmed that combining of mAb 806 with bevacizumab, an approved anti-angiogenic agent, enhanced tumour inhibition.

Methods
=======

Cell lines
----------

A431 is a squamous carcinoma cell line from ATCC (Rockville, MD, USA) that overexpresses EGFR at levels in excess of 1 × 10^6^ receptors per cell \[[@b38]\] and co-express transforming growth factor-α\[[@b38]\]. A431 cells have a VEGF autocrine loop and express both VEGF \[[@b20]\] and the VEGF receptor \[[@b39]\]. A431 cells were maintained in DMEM (Life Technologies, Grand Island, NY, USA) containing 10% foetal calf serum (CSL, Melbourne, Victoria, Australia), 2 mM glutamine (Sigma Chemical Co., St. Louis, MO, USA) and 2 mM penicillin/streptomycin (Life Technologies).

Antibodies
----------

The mAb 806 (IgG~2b~) which recognizes a sub-set of the wt EGFR expressed on the cell surface has been described previously \[[@b8], [@b9], [@b40]\]. MAb 528 (IgG~2a~) was produced using a hybridoma obtained from ATCC (Manassas, VA, USA) \[[@b8]\]. Production and purification of these antibodies was performed at the Biological Production Facility (Ludwig Institute for Cancer Research, Melbourne, Australia) \[[@b41]\].

Xenograft models
----------------

Cells (1--3 × 10^6^) in 100 μl of PBS were inoculated subcutaneously into both flanks of 4- to 6-week-old, female nude mice (Animal Research Centre, Perth, Australia). All studies were conducted using established tumour models as previously reported \[[@b41]\]. Tumours which failed to engraft properly were exclude from further analysis. Treatment commenced once tumours had reached the mean volume indicated in the appropriate figure legends. Tumour volume in mm^3^ was determined using the formula (length × width^2^)/2, where length was the longest axis and width was the perpendicular measurement. Data are expressed as mean tumour volume ± S.E. for each treatment group. These research projects were approved by the Animal Ethics Committee of the Austin Hospital.

Collection and preparation of tumour xenografts for immunohistochemistry
------------------------------------------------------------------------

For fresh frozen sections, at least 5 tumour xenografts were removed from each experimental group, embedded in Tissue Tek Optimal Cutting Temperature compound (Sakura Finetek, Torrance, CA, USA), frozen in isopentone cooled in liquid nitrogen, and stored at −80°C. Sections (5 μm) were cut, fixed in ice-cold acetone for 10 min. followed by air-drying for a further 10 min. Sections were then washed in PBS and blocked in protein blocking reagent (Lipshaw Immunon, Pittsburgh, PA, USA) for 20 min. prior to incubation with the primary antibody. Antibodies used included those against Ki67 (MIB-1 clone, Dako, Glostrup, Denmark), murine CD31^+^ vessels (MEC 13.3, BD PharMingen, San Diego, CA, USA), human and murine VEGF (sc-507, Santa Cruz Biotechnology, Santa Cruz, CA, USA), human and murine phosphorylated (Ser^473^) Akt (sc-7985-R, Santa Cruz Biotechnology), human and murine NG2 Chondroitin sulphate on pericytes (AB5320, Chemicon, Victoria, Australia), Lyve-1 on murine lymph vessels (ab14917, Abcam, Cambridge, UK), human NF-κB p65 (sc-109, Santa Cruz Biotechnology) and human IL-8 (Accurate, Westbury, New York, NY, USA).

After staining with the primary antibodies described above, bound antibodies were detected with the appropriate secondary antibody. Where the primary antibody was of rat origin, slides were rinsed before application of biotinylated anti-rat secondary (ab-6851, Abcam) followed by application of Streptavidin-HRP (Dakocytomation, Carpinteria, CA, USA). Where the primary antibody was of rabbit origin, sections were rinsed before application of HRP-labelled anti-rabbit antibodies (Envision+ System, Dakocytomation). Bound antibodies were detected with AEC substrate solution (0.1 mol/l acetic acid, 0.1 mol/l sodium acetate, 0.02 mol/l AEC, and 0.03% H~2~O~2~). Slides were then counterstained in haematoxylin (BDH Laboratory, Poole, UK) and mounted. Appropriate species and isotype control staining was performed for all slides.

Analysis of vessel density and immunohistochemical staining
-----------------------------------------------------------

For each section, up to 17 images were captured by light microscopy at the 250× magnification. Images were obtained in a systematic manner to ensure homogenous and representative sampling of non-overlapping areas of viable tumour. Fifty percent of images were captured from the tumour peripheral and the rest from the interior of the tumour. Quantification of CD31^+^ and Lyve-1^+^ vessel density involved counting the number of CD31^+^ vessels in each (250×) image. Vessels density was also counted in haematoxylin and eosin sections. Again, up to 17 images were captured by light microscopy as described above but at 400× magnification. Rounded or tubular spaces, especially if lined by endothelial cells, were considered to be blood vessels. The cross-sectional area of CD31^+^ vessels (defined as all CD31^+^ regions and any hollow structure contained therein) was also determined by morphometric analysis using Leica QWin (North Ryde, Australia) image analysis software and expressed as a percentage of the total viable tumour area in each image \[[@b42]\].

For analysis of immunohistochemical staining, up to 17 images of viable tumour were captured by light microscopy at 400× magnification. For each image, an H-score for prevalence and intensity of staining was generated using Leica Qin images analysis software \[[@b43]\]. In brief, a composite score was obtained by multiplying each level of intensity staining (0--3) by the percentage area that it comprised (0--100%) and then adding up the resultant products. The minimum score was 0 (0 staining in 100% of the image) and the maximum scare was 300 (3+ staining in 100% of the image). Artefactual, acellular and non-viable areas were excluded from the scoring procedure.

Measurement of intratumoral oxygenation in anaesthetized mice
-------------------------------------------------------------

Intratumoral oxygen was determined in anaesthetized mice using the Oxford Oxylite Probe \[[@b44]\]. In brief, mice were anaesthetized then kept warm on a temperature-regulated pad. Up to three tracks were created through the equatorial plan of the tumour tissue using a 21-gauge needle. The probe was then drawn through the track(s), taking multiple oxygen measurements (in mmHg) as it traversed the track(s). The initial 5% of readings just after entry in to the tumour and the final 5% of readings just prior to exit from the tumour were discarded because of the risk of contamination by external air. Mice were killed at the end of the experiment.

Assessment of total NF-κB activity and associated p65 nuclear translocation in mAb 806 treated xenografts
---------------------------------------------------------------------------------------------------------

Tumours were then harvested, homogenized and equal amounts of nuclear protein were subjected to Western blotting and ELISA for analysis of NF-kB p65 protein expression and NF-κB p65 DNA binding activity, respectively \[[@b45]\]. In brief, tissues were homogenized in 1:5 in buffer A (10 mM Hepes pH 7.8, 10 mM KCl, 2 mM MgCl~2~, 0.1 mM ethylenediaminetetraacetic acid \[EDTA\], 1 mM NaF, 1 mM Na~3~VO~4~, 10 mg/ml aprotinin, 1 mM AESBF and 5 mg/ml leupeptin) for two 20 sec. bursts. The homogenates were incubated on ice for 30 min.; Igepal was added for a final concentration of 1% (v/v), vortexed for 30 sec. and then centrifuged at 4000 ×*g* for 10 min. The supernatant (cytosolic fraction) was stored at −80°C. The pellet was then resuspended in buffer B (50 mM Hepes pH 7.8, 50 mM KCl, 400 mM NaCl, 20% glycerol, 0.1 mM EDTA, 1 mM NaF, 1 mM Na~3~VO~4~, 10 mg/ml aprotinin, 1 mM AESBF and 5 mg/ml leupeptin) mixed vigorously by vortexing for 15 min. and then centrifuged at 15,000 ×*g* for 30 min. The supernatant (nuclear fraction) was retained for Western blotting and ELISA. The protein content of tissue homogenates was determined using BCA protein assay (Pierce, Rockford, USA), using BSA as a reference standard, as previously described \[[@b45]\]. Nuclear NF-κB p65 DNA binding activity was measured in duplicate using a NF-κB p65 transcription factor assay kit according to manufacturer's instructions (TransAM; Active Motif; Carlsbad, CA, USA).

Assessment of NF-κB p65 protein expression was analysed by Western blotting. Forty micrograms of tissue protein extracts were separated on a 10% polyacrylamide gel and transferred to PVDF as previously described \[[@b46]\]. Protein expression was identified by co-migration with a positive control and by comparison with the mobility of protein standard. Western blots were quantified using a Storm 804 Phosphoimager (Amersham Bioscience, Piscataway, NJ, USA) for analysis using the ImageQuant TL Image Analysis Software (Version 2005). Data were corrected for background, and expressed as optical density (OD/mm^2^).

Statistical analysis
--------------------

Analyses were performed with SPSS 12.0.1 for Windows. Where required, data were tested for adherence to a normal distribution using the Shapiro--Wilk statistic and the appropriate parametric (assuming a normal distribution) or non-parametric (making no assumption regarding the distribution of the data) test was then employed. *P*-values of \<0.05 were considered significant. All *P*-values were two-sided except for cases where previous experimentation or published literature had already determined a significant result for the intervention in question.

For the comparison of means, Student's t-test or the non-parametric Mann-Whitney *U*-test was employed where only two groups were being considered. For comparisons between three or more group, parametric data were analysed by ANOVA and if *P* \< 0.05, then *post hoc* testing was undertaken to determine which groups differed significantly. The non-parametric test employed for multiple groups was Kruskal--Wallis test and if *P* \< 0.05, then *post hoc* testing was undertaken to determine which groups differed significantly. Survival analysis was analysed for significance and if the log-rank test across all groups was significantly different (*P* \< 0.05), then *post hoc* testing by log-rank testing was undertaken to determine which groups differed significantly.
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Supporting Information
======================

**Fig. S1** Treatment of established A431 xenografts with mAb806. Mice (*n* = 4--5 mice) were treated on the daysshown (arrows) with 1 mg of mAb 806 (&dtri;) or vehicle(&squf;). Mean tumor volume was 41 mm^3^ on day 3 whentreatment started. Data shown in all cases are mean tumor volume± S.E. The mAb 806 group was significantly smaller than thecontrol group on day 14 (mean volumes 285 mm^3^ and 714mm^3^, respectively, *P* ∇ 0.00012).

**Fig. S2** Representative images (400x) of staining for thebiological parameters indicated in the A431 xenografts treated withmAb 806 or vehicle, scale bar: 20 μM.

**Fig. S3** BAY 11-7085 inhibits IL-8 production in A431 cells in a dose-dependent manner. A431 cells were treated O/N in serum-free media with the concentration of BAY 11-7085 indicated. Next morning the Bay 11-7085 was removed and cells placed in fresh media for an additional 24 hrs, after which time the media was collected and assayed for IL-8. Data expressed as pg/ml of IL-8.

**Fig. S4** A431 xenografts from the experiment described in Fig. S1 where stained with the lymph vessel marker lyve-1. Representative images are shown.

**Fig. S5** Treatment of established A431 tumors with mAb528. Mice (*n* ∇ 5 mice) were treated on the days shown(arrows) with 1 mg of mAb 528 (&dtri;) or vehicle control(&squf;). Mean tumor volume was 75 mm^3^ on day 4 whentreatment started. Data shown in all cases is mean tumor volume± S.E. The mAb 528 group was significantly smaller than thencontrol group on day 13 (mean volumes 241 mm^3^ and 709mm^3^, respectively, *P* ∇ 0.0017). Note that the tumor volumes in this experiment were equivalent to that in Fig. S1.

**Table S1** Cultured cells, grown to95--100&percnt; confluency levels, were incubated underserum free conditions at 37°C for 24 hrs, either un-treated(normoxia) or within BD GasPak™ EZ Anaerobe Pouch Systembags, which produced a hypoxic environment consisting of less than1&percnt; oxygen (hypoxia). Following treatment, mRNA wereisolated from cells and cDNA prepared. The PCR reaction occurredfollowing 40 cycles consisting of the following run conditions:50°C (2 min.), 95°C (10 min.), 95°C (15 sec.) and60°C (1 min.), using the 7900HT Fast Real-Time PCR System(Applied Biosystems, Scoresby, VIC, Australia). The 18S housekeeping gene and DNAse free ddH~2~O were used as controlsin all cases.

Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.

Supporting info item

Supporting info item

Supporting info item

Supporting info item

Supporting info item

Supporting info item
